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(54) Electric steering apparatus 

(57) An electric steering apparatus designed to 
eliminate backlash by enabling a hypoid pinion 7, which 
operates with rotation of a steering assisting motor, to 
swing with a bearing as a fulcrum and deflecting the hy- 
poid pinion 7 in a radial direction by an elastic member 



1 6. With this electric steering apparatus, it is possible to 
satisfactorily eliminate backlash without being affected 
by dimensional errors of parts such as gears used for 
assisting steering and to automatically eliminate back- 
lash if it is caused by an increase of abrasion of teeth of 
the gears. 



FIG. 3 
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Description 

BACKGROUND OF THE INVENTION 

[0001] The present invention relates to an electric 
steering apparatus using a motor as a source of gener- 
ating a steering assist force. 

[0002] An automobile is steered by transmitting a ro- 
tational operation of a steering wheel disposed inside 
the compartment of the vehicle to a steering mechanism 
provided outside of the compartment for steering-con- 
trol wheels (in general, front wheels). 
[0003] FIG. 1 is a cross-sectional view of an electric 
steering apparatus according to a conventional exam- 
ple. 

[0004] As illustrated in FIG. 1 , an electric steering ap- 
paratus for an automobile comprises a first steering 
shaft 1 01 connected to a steering wheel; a torque sen- 
sor 104 for detecting a steering torque by relative dis- 
placement in a rotating direction between the steering 
shaft 1 01 and a second steering shaft 1 03 connected to 
the steering shaft 101 through a torsion bar 1 02; and a 
reduction mechanism 1 08 including a hypoid pinion 1 06 
for increasing a torque of a steering assisting motor 1 05 
driven based on a torque detected by the torque sensor 

104 and for transmitting the increased torque to the 
steering shaft 1 03 and a hypoid wheel 1 07 meshing with 
the hypoid pinion 106, and is arranged to assist the op- 
eration of the steering mechanism corresponding to the 
rotation of the steering wheel by rotation of the motor 

105 so as to reduce a driver's labor for steering. 
[0005] The hypoid pinion 106 is integrally coupled to 
one end portion of a rotating shaft 1 09 of the motor 1 05. 
Moreover, movement of the hypoid pinion 1 06 in a radial 
direction and in an axial direction is inhibited by a pair 
of bearings 110 and 111 supporting both end portions of 
the rotating shaft 1 09, while a pair of bearings 1 1 2 and 
113 prevent the second steering shaft 1 03 to which the 
hypoid wheel 1 07 is attached from moving in a radial 
direction and in an axial direction. 

[0006] Bytheway, inthecasewherethehypoidpinion 

106 and hypoid wheel 107 are used, the clearance be- 
tween the teeth of the hypoid pinion 106 and hypoid 
wheel 1 07 is initially set in assembling. At this initial set- 
ting, a variation of the clearance between the teeth is 
caused by dimensional errors of parts, such as the hy- 
poid pinion 1 06, bearings 1 1 0 through 1 1 3, hypoid wheel 

1 07 and second steering shaft 1 03, and the accuracy of 
the crossing angle in assembling. Consequently, back- 
lash occurs after the assembling, and noise caused by 
this backlash will be heard inside the compartment of 
the automobile. 

[0007] Further, with the progress in an increase of the 
power of the steering assist force in resent years, the 
abrasion of the teeth of the hypoid pinion 106 and hypoid 
wheel 107 increases and a problem arises that occur- 
rence of the above-mentioned backlash is unavoidable. 
In this case, since the movements of the hypoid pinion 



106 and hypoid wheel 107 are inhibited, the backlash 
can not be adjusted and consequently noise caused by 
the backlash will be heard inside the compartment ofthe 
automobile. 

5 

BRIEF SUMMARY OF THE INVENTION 

[0008] An object of the present invention is to provide 
an electric steering apparatus capable of solving the 

10 above problems. 

[0009] An electric steering apparatus according to the 
first invention is an electric steering apparatus compris- 
ing a driving gear which operates with rotation of a steer- 
ing assisting motor and is supported by a first bearing; 
. is a driven gear meshing with the driving gear; and a steer- 
ing shaft to which the driven gear is mounted, and as- 
sisting steering by the rotation of the motor, and char- 
acterized in that the driving gear is possible to deflect in 
the radial direction, and deflecting means for deflecting 

20 the driving gear in its deflecting direction is comprised. 
[0010] According to the first invention, since the driv- 
ing gear can be deflected toward the driven gear by the 
deflecting means, it is possible to satisfactorily eliminate 
backlash without being affected by dimensional errors 

25 of parts such as the driving gear and the accuracy of the 
crossing angle in assembling and to improve the yield. 
Moreover, even when the meshing state of the driving 
gear and driven gear changes with time because of 
abrasion of the teeth of the driving gear and driven gear 

30 due to steering, it is possible to satisfactorily eliminate 
backlash and to prevent noise from being generated by 
backlash and heard inside the compartment of an auto- 
mobile. 

[0011] An electric steering apparatus according to the 
35 second invention is characterized, in addition to the first 
invention, in that the driving gear is able to swing with 
the first bearing as a fulcrum. 

[0012] According to the second invention, in the first 
invention, it is possible to eliminate backlash without 

40 changing the supporting point of the driving gear. 

[001 3] An electric steering apparatus acco rding to the 
third invention is characterized, in addition to the first 
invention, in that the supporting shaft is a rotating shaft 
of the motor, and one end portion of the supporting shaft 

45 is supported so that it is able to swing with the first bear- 
ing as a fulcrum, the other end portion is supported by 
a second bearing which is deflectable in a radial direc- 
tion, and the driving gear is integrally coupled to the one 
end portion of the rotating shaft. 

so [0014] According to the third invention, in the second 
invention, even when the driving gear is a hypoid pinion 
integrally coupled to one end portion of the rotating 
shaft, it is possible to swing the driving gear in a simple 
manner. 

55 [0015] An electric steering apparatus according to the 
fourth invention is characterized, in addition to the third 
invention, in that the deflecting means is interposed be- 
tween the second bearing and a housing for holding the 
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second bearing 

[0016] According to the fourth invention, in the third 
invention, the rotating shaft rotates a slightly clockwise 
centering with the first bearing because the second 
bearing is energized downwardly. Accordingly, the driv- 5 
ing gear provided on the left end portion of the rotating 
shaft is energized upwardly and can securely mesh with 
the driven gear. 

[0017] An electric steering apparatus according to the 
fifth invention is characterized, in addition to the second 10 
invention, in that both end portions of the rotating shaft 
of the motor are supported by a pair of third bearings, 
and the driving gear is coupled to one end portion of the 
rotating shaft through a universal joint. 
[0018] According to the fifth invention, in the second *5 
invention, since the center of rotation of the driving gear 
and that of the rotating shaft can be arranged to cross 
each other, even when the deflection of the driving gear 
increases, it is possible to eliminate backlash while re- 
taining the rotating characteristic of the driving gear. 20 
[001 9] An electric steering apparatus according to the 
sixth invention is characterized, in addition to the fifth 
invention , in thatthe driving gear is supported by a fourth 
bearing interposed between the first bearing and the 
universal joint so that it is deflectable in a radial direc- 25 
tion, and the deflecting means is an elastic memberfor 
energizing the fourth bearing in its deflecting direction. 
[0020] According to the sixth invention, in the fifth in- 
vention, since the driving gear is energized via the fourth 
bearing, it is possible to satisfactorily retain the rotating so 
characteristic of the driving gear and satisfactorily pre- 
vent positional displacement of the meshing point of the 
driving gear and driven gear. 

[0021 ] An electric steering apparatus according to the 
seventh invention is characterized, in addition to any 35 
one of the first, second, third and fifth inventions, in that 
the deflecting means includes an elastic member having 
at least three protrusions for energizing the driving gear 
in the deflecting direction from at least three positions 
along a circumferential direction. 40 
[0022] According to the seventh invention, in anyone 
of the first, second, third and fifth inventions, it is possi- 
ble to apply the elastic restoring forces of the protrusions 
to the driving gear via the bearing and energize the driv- 
ing gear toward the driven gear. Therefore, even when 45 
the meshing state of the driving gear and driven gear 
changes with time because of dimensional errors of 
parts such as the driving gear and abrasion of the teeth 
of the driving gear and driven due to steering, it is pos- 
sible to automatically eliminate the clearance between so 
the driving gear and driven gear and to satisfactorily 
eliminate backlash. In addition, when number of the pro- 
trusion is one or two, accurate assembling becomes 
hard, so that positional displacement of the meshing 
point of the driving gear and driven gear can not be pre- 55 
vented. 

[0023] Moreover, since at least three protrusions 
come into contact with the bearing and energize the 



bearing from at least three positions along a circumfer- 
ential direction, it is possible to satisfactorily prevent po- 
sitional displacement of the meshing point of the driving 
gear and driven gear. Furthermore, even when a rota- 
tional torque applied to the meshing point of the driving 
gear and driven gear generates a force for separating 
the driving gear from the driven gear, the movement of 
the bearing with respect to the elastic member can be 
limited by the intermediate protrusions, thereby prevent- 
ing the bearing from coming into contact with the elastic 
member and generating noise. 

[0024] An electric steering apparatus according to the 
eighth invention is characterized, in addition to the first 
invention, by further comprising fifth and sixth bearings 
made of iron for limiting movement of the driven gear in 
an axial direction; and an elastic member, interposed 
between the fifth bearing and a housing made of alumi- 
num into which the fifth and sixth bearings are fitted, for 
energizing the fifth bearing toward the driven gear, and 
in thatthedriven gear is formed by using ahypoid wheel. 
[0025] According to the eighth invention, in the first 
invention, even when the ambient temperature of the 
driven gear increases and the clearance between the 
housing and the bearing in the axial direction increases 
because of the difference in the coefficient of thermal 
expansion between the housing made of aluminum and 
the bearing made of iron, the movement of the bearing 
and driven gear in the axial direction due to this clear- 
ance can be satisfactorily limited by the elastic member, 
thereby automatically eliminating the clearance be- 
tween the driving gear and driven gear and satisfactorily 
eliminating backlash. 

[0026] The above and further objects and features of 
the invention will more fully be apparent from the follow- 
ing detailed description with accompanying drawings. 

BRIEF DESCRIPTION OFTHE SEVERAL VIEWS OF 
THE DRAWINGS 

[0027] 

FIG. 1 is a cross-sectional view of an electric steer- 
ing apparatus according to a conventional example; 
FIG. 2 is a vertical cross-sectional view showing the 
structure of an electric steering apparatus accord- 
ing to the present invention; 
FIG. 3 is a cross-sectional view taken along the line 
II — II of FIG. 2; 

FIG. 4 is a vertical cross-sectional view showing the 
structure of Embodiment 2 of an electric steering 
apparatus according to the present invention; and 
FIG. 5 is a cross-sectional view taken along the line 
IV-IV of FIG. 4. 

DETAILED DESCRIPTION OFTHE INVENTION 

[0028] The following description will explain the 
present invention with reference to the drawings illus- 
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trating the embodiments thereof. 
Embodiment 1 

[0029] FIG. 2 is a vertical cross-sectional view show- 
ing the structure of an electric steering apparatus ac- 
cording to the present invention, and FIG. 3 is a cross- 
sectional view taken along the line ll-ll of FIG. 2. 
[0030] The electric steering apparatus comprises a 
first steering shaft 1 whose upper end portion is con- 
nected to a steering wheel (notshown), a torque sensor 
4 for detecting a steering torque by relative rotational 
displacement between the steering shaft 1 and a second 
steering shaft 3 connected to the steering shaft 1 
through a torsion bar 2, a pinion 5 for transmitting a 
torque of the second steering shaft 3 to a steering mech- 
anism, a steering assisting motor 6 controlled based on 
a torque detected by the torque sensor 4, a reduction 
mechanism 9 including a driving gear 7 for transmitting 
a rotation of the motor 6 to the second steering shaft 3 
and a driven gear 8 meshing with the driving gear 7, and 
a housing 10 which contains the reduction mechanism 
9 and torque sensor 4 and supports the steering shafts 
1 and 3, wherein the motor 6 is attached to the housing 
10. 

[0031] The first steering shaft 1 is formed in a cylin- 
drical shape, and the torsion bar 2 is inserted into the 
hole of the steering shaft 1 . The upper end portion of the 
torsion bar 2 and the upper end portion of the steering 
shaft 1 are connected with a dowel pin 1 1 , and the torque 
sensor 4 is positioned around the steering shaft 1 . 
[0032] The second steering shaft 3 has a fitting hole 
31 in Its upper end portion, and the pinion 5 is provided 
In its lower end portion. The lower end portion of the 
steering shaft 1 is fitted into the fitting hole 31 of the sec- 
ond steering shaft 3 so as to allow relative rotation, and 
the lower end portion of the torsion bar 2 is spline-fitted 
into the fitting hole 31. 

[0033] The motor 6 includes a cylindrical stator 61 
fixed inside a cylindrical motor housing 60 attached to 
the housing 10, and a rotator 63 having a rotating shaft 
62 whose both end portions are rotatably supported in 
the motor housing 60 through first and second bearings 
12 and 13 formed by using ball bearings, respectively, 
and is rotatably disposed inside the stator 61 , wherein 
the driving gear 7 is integrally coupled to one end portion 
of the rotating shaft 62. 

[0034] This driving gear 7 is formed by using a hypoid 
pinion disposed to cross the axis of the second steering 
shaft 3, while the driven gear 8 is formed by using a hy- 
poid wheel. This driven gear 8 is fitted around the middle 
of the steering shaft 3, and its movement in an axial di- 
rection is limited by a pair of bearings 14 and 15 dis- 
posed on both sides of the driven gear 8 in the axial 
direction. 

[0035] For the first bearing 12, a self-aligning ball 
bearing with an inner ring 1 2a and outer ring 1 2b whose 
contact surface with a rolling member 12c is formed in 



a V-shaped cross section is used. The first bearing 12 
supports the driving gear 7 and one end portion of the 
rotating shaft 62. 

[0036] The second bearing 13 is held in a fitting hole 
s 64 of the motor housing 60 so that it is deflectable in a 
radial direction. An elastic member 1 6 for energizing the 
second bearing 13 in a radial direction from a plurality 
of positions along a circumferential direction is provided 
between the second bearing 13 and fitting hole 64. 
10 [0037] This elastic member 16 is a commercially 
available product with the trade name "Tolerance Ring" 
(available from Rencol Tolerance Rings Co., Ltd.), and 
includes a plurality of protrusions 1 6a, each of which can 
be deformed elastically and has a semi-circular cross 
is section, arranged at predetermined intervals between 
both end portions of a thin metal plate having elasticity, 
such as a flat spring. The protrusions 1 6a are formed in 
a protruding shape substantially orthogonal to both side 
portions between both end portions of the metal plate 
20 while keeping the both side portions. Alternatively, the 
protrusions 1 6a may be formed in a shape protruding 
toward both side edges without keeping the both side 
portions, or may be formed in a substantially V-shaped 
cross section as well as a semi-circular cross section. 
2s When this elastic member 1 6 is positioned between the 
second bearing 13 and fitting hole 64, it is entirely 
curved, substantially all the protrusions 16a come into 
contact with the second bearing 13, and the second 
bearing 13 is energized downwardly. Responding to 
30 this, the rotating shaft 62 rotates a slightly clockwise 
centering with the first bearing (self-aligning bearing) 
12. Accordingly, the driving gear 7 provided on the left 
end portion of the rotating shaft 62 is energized upward- 
ly and can securely mesh with the driven gear 8. 
35 [0038] The elastic member 1 6 is formed in a length of 
about two third of a circumference, i.e., a length that 
causes the elastic member 1 6 to form a curve of about 
240°, positioned so that its notch portion 16b with a 
length of about one third of the circumference is located 
40 on the deflecting side of the second bearing 1 3, and en- 
ergizes the second bearing 13 from positions along the 
circumferential direction between both end portions 
thereof. Moreover, bent pieces 1 6c, 1 6c are provided to 
both end portions of the elastic member 16. When the 
45 bent pieces 1 6c, 1 6c engage with a pair of engaging por- 
tions 64a, 64a provided in the fitting hole 64, they limit 
movement of the elastic member 1 6 in the circumferen- 
tial direction. 

[0039] In Embodiment 1, the driving gear 7 is support- 
so ed together with the rotating shaft 62 by the self-aligning 
first bearing 12 so that it is able to swing, and the other 
end portion of the rotating shaft 62 is supported through 
the second bearing 13 and elastic member 16 so that it 
is deflectable in a radial direction. Accordingly, the ro- 
55 tating shaft 62 and driving gear 7 swing when energized 
by the elastic member 1 6, and the driving gear 7 comes 
into contact with the driven gear 8, thereby eliminating 
the clearance between the driving gear 7 and the driven 
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gear 8. It is therefore possible to satisfactorily eliminate 
backlash without being affected by dimensional errors 
of parts, such as the driving gear 7. and the accuracy of 
the crossing angle in assembling and to improve the 
yield. 

[0040] The incorporated elastic member 1 6 for caus- 
ing the driving gear 7 to swing can energize the second 
bearing 13 downwardly stably and accurately because 
substantially all of the protrusions 1 6athereof come into 
contact with the second bearing 13 and energize the 
second bearing 13 from positions along a circumferen- 
tial direction within a range of about 240°. As a result, 
positional displacement of the meshing point of the driv- 
ing gear 7 and driven gear 8 can be satisfactorily pre- 
vented. Moreover, even when a rotational torque ap- 
plied to the meshing point of the driving gear 7 and driv- 
en gear 8 generates a force for separating the driving 
gear 7 from the driven gear 8, the movement of the sec- 
ond bearing 13 with respect to the elastic member 16 
can be limited by the intermediate protrusions 16a, 
thereby preventing the second bearing 13 from coming 
into contact with the elastic member 16 and generating 
noise. 

[0041] In addition, when number of the protrusion 16a 
is one or two, accurate assembling becomes hard, so 
that it becomes hard to prevent the positional displace- 
ment of the meshing point ofthe driving gear7and driv- 
en gear 8. 

[0042] Furthermore, since the protrusions 1 6a of the 
elastic member 1 6 cause the rotating shaft 62 and driv- 
ing gear 7 to swing via the second bearing 13, even 
when the meshing state ofthe driving gear 7 and driven 
gear 8 changes with time because of an increase of the 
abrasion of the teeth of the driving gear 7 and driven 
gear 8, it is possible to eliminate the clearance between 
the driving gear 7 and driven gear 8 by the elastic re- 
storing forces ofthe protrusions 16a. 

Embodiment 2 

[0043] FIG. 4 is a vertical cross-sectional view show- 
ing the structure of Embodiment 2b of the present in- 
vention, and FIG. 5 is a cross-sectional view taken along 
the line IV-IV of FIG. 4. 

[0044] Instead of swinging the rotating shaft 62 whose 
one end portion is integrally coupled to the driving gear 
7, an electric steering apparatus of Embodiment 2 sep- 
arates the driving gear 7 from the rotating shaft 62, sup- 
ports both end portions ofthe rotating shaft 62 by a pair 
of third bearings 17, 17 (only one of which is shown), 
couples the driving gear 7 provided on a supporting 
shaft 70 with one end portion of the rotating shaft 62 
through a universal joint 1 9 formed by using an Oldham 
coupling, supports the supporting gear 70 by the self- 
aligning first bearing 12 and a fourth bearing 20 which 
is disposed between the first bearing 1 2 and the univer- 
sal joint 1 9 and formed by using a ball bearing, and dis- 
poses between the fourth bearing 20 and a fitting hole 



65 into which the fourth bearing 20 is fitted the elastic 
member 1 6 for energizing the fourth bearing 20 in a ra- 
dial direction from a plurality of positions along a circum- 
ferential direction. 

s [0045] The fitting hole 65 formed in the motor housing 
60 is configured so that a radius from its deflecting side 
to the center becomes larger within a range of about 
120°, and this larger radius section's both end portions 
in the circumferential direction are provided with engag- 

1° ing portions 65a, 65a with which the bent pieces 1 6c, 
16c ofthe elastic member 16 come into contact. 
[0046] As described above, the elastic member 1 6 is 
formed in a length of about two third of a circumference, 
i.e., a length that causes the elastic member 16 to form 

15 a curve of about 240°, and disposed on the peripheral 
side of the fourth bearing 20 so that its notch portion 16b 
with a length of about one third of the circumference is 
located on the deflecting side, and the bent pieces 1 6c, 
1 6c provided to both end portions ofthe elastic member 

20 1 6 limit movement of the elastic member 16 in the cir- 
cumferential direction by engagement with the pair of 
engaging portions 65a, 65a provided in the fitting hole 
65. 

[0047] Since other configurations and functions are 
25 the same as those of Embodiment 1 , similar parts are 
designated with the same reference numerals, and the 
detailed explanation and the explanation of the func- 
tions are omitted. 

[0048] In Embodiment 2, the supporting shaft 70 is 

so supported by the self-aligning first bearing 12 and the 
fourth bearing 20 deflectable in a radial direction so that 
it is able to swing, and coupled to one end portion ofthe 
rotating shaft 62 by the universal joint 1 9. Hence, the 
supporting shaft 70 swings when energized by the elas- 

35 tic member 1 6 disposed on the peripheral side of the 
fourth bearing 20, then the driving gear 7 provided on 
the supporting shaft 70 comes into contact with the driv- 
en gear 8, thereby eliminating the clearance between 
the driving gear 7 and the driven gear 8. It is therefore 

40 possible to satisfactorily eliminate backlash without be- 
ing affected by dimensional errors of parts such as the 
driving gear 7 and to improve the yield. 
[0049] The incorporated elastic member 1 6 for caus- 
ing the driving gear 7 to swing can satisfactorily prevent 

45 positional displacement of the meshing point of the driv- 
ing gear 7 and driven gear 8 because substantially all 
ofthe protrusions 16athereof come into contact with the 
fourth bearing 20 and energize the fourth bearing 20 
from positions along the circumferential direction within 

50 a range of about 240°. Moreover, even when a rotational 
torque applied to the meshing point of the driving gear 
7 and driven gear 8 generates a force for separating the 
driving gear 7 from the driven gear 8, the movement of 
the fourth bearing 20 with respect to the elastic member 

55 1 6 can be limited by the intermediate protrusions 1 6a, 
thereby preventing the fourth bearing 20 from coming 
into contact with the elastic member 1 6 and generating 
noise. 
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[0050] Furthermore, since the protrusions 1 6a of the 
elastic member 1 6 cause - - a driving gear 7 to swing via 
the fourth bea'-'.-q 20, ev : ■■. vvhen the meshing state of 
the driving ge~ ' and driven gear 8 changes with time 
because of an '^crease of the abrasion of the teeth of 
the driving gear 7 and driven gear 8, it is possible to 
eliminate the clearance between the driving gear 7 and 
driven gear 8 by the elastic restoring forces of the pro- 
trusions 16a. 

[0051] Incidentally, for the universal joint 19, it is pos- 
sible to use an Oldham coupling having an engaging 
groove in a radial direction and an engaging protrusion 
that engages with the engaging groove in a joining por- 
tion with respectto each of the rotatingshaft 62 and driv- 
ing gear 7 or use other joint that can absorb the differ- 
ence in the axis between the rotating shaft 62 and the 
driving gear 7, and the structure of the joint is not par- 
ticularly limited. 

[0052] Besides, in Embodiments 1 and 2, the elastic 
member 16 is formed in a length that causes the elastic 
member 16 to form a curve of about 240°, or may be 
formed in other length if the elastic member 1 6 is curved, 
for example, in a length that causes the elastic member 
16 to form a curve of about 120°. Further, the elastic 
member 16 may be formed in a circular shape without 
providing a notch. 

Embodiment3 

[0053] In an electric steering apparatus of Embodi- 
ment 3, fitting holes 21 and 22 into which the above- 
mentioned pair of bearings 14 and 15 disposed on both 
sides of the driven gear 8 in an axial direction are to be 
fitted and which have bearing seats 21 a and 22a facing 
one end portion of the respective bearings 14 and 15, 
are formed in the above-mentioned housing 1 0 made of 
aluminum, the bearings 14 and 15 are fitted into these 
fitting holes 21 and 22, respectively, and an elastic mem- 
ber 23 for energizing the driven gear 8 toward the driving 
gear 7 is interposed between one end portion of one 
bearing 1 4 and the bearing seat 21 a of one fitting hole 
21 . This elastic member 23 is formed by using a coned 
disc spring, and a washer 24 is interposed between the 
elastic member 23 and the driven gear 8. 
[0054] The bearings 14 and 15 are formed by using 
ball bearings, and the inner ring of one bearing 14 is 
fitted in a fitting portion formed on the surface of one end 
portion of the driven gear 8, while the inner ring of the 
other bearing 1 5 is fitted around the middle of the above- 
mentioned steering shaft 3. The movement of the driven 
gear 8 in the axial direction is limited by these bearings 
14, 15, a spacer 25 interposed between the bearing 15 
and driven gear 8, and the elastic member 23. 
[0055] Since other configurations and functions are 
the same as those of Embodiments 1 and 2, similar parts 
are designated with the same reference numerals, and 
the detailed explanation and the explanation of thefunc- 
tions are omitted. 



[0056] In Embodiments, since the elastic member 23 
energizes the driven gear 8 in an axial direction via the 
washer 24 and bearing 14, it is possible to satisfactorily 
limit the movement of the driven gear 8 in the axial di- 

5 rection. Moreover, when the ambienttemperature of the 
driven gear 8 increases due to the outside air tempera- 
ture and repeated steering assist, the fitting holes 21 
and 22 become larger entirely because of the difference 
in the coefficient of thermal expansion between the 

10 formed aluminum housing 10 and the iron bearing 14, 
and consequently the fitting resistances of the bearings 
14 and 15 fitted in the holes 21 and 22 are lost and the 
clearance between the bearing seat 21 a and one end 
portion of the bearing 1 4 in the axial direction increases. 

15 However, since the bearing 1 4 is energized in the axial 
direction by the elastic member 23, it is possible to sat- 
isfactorily inhibit the movement of the driven gear 8 in 
the axial direction. It is therefore possible to eliminate 
backlash without being affected by a change in the am- 

20 bient temperature of the driven gear 8. 

[0057] Further, in Embodiments 1 and 2 described 
above, the driving gear 7 is deflected in a radial direction 
by causing the driving gear 7 to swing with the first bear- 
ing 1 2 as a fulcrum. Alternatively, it is possible to deflect 

25 the driving gear 7 in a radial direction without causing it 
to swing by, for example, arranging the above-men- 
tioned first and second bearings 12, 13 or the first and 
fourth bearings 1 2, 20 to be deflectable in a radial direc- 
tion and by respectively energizing these bearings 12, 

30 1 3, 20 in a radial direction by the elastic member 1 6. 
[0058] Besides, in Embodiments 1 and 2, while the 
elastic member 1 6 is used as deflecting means, it is pos- 
sible to deflect the driving gear 7 in a radial direction by 
other configuration, for example, via the second and 

35 fourth bearings 1 3 and 20 by forming in the motor hous- 
ing 60 screw holes open into the fitting holes 64 and 65 
into which the second and fourth bearings 1 3 and 20 are 
fitted, engaging screw members with the screw holes, 
and turning the screw members. 

40 [0059] Moreover, the elastic member 1 6 as the de- 
flecting means may be a curved flat spring, coil spring 
or rubber member as well as a Tolerance Ring. 
[0060] Furthermore, the reduction mechanism 9 in 
Embodiments 1 and 2 may be a driving gear7 as a worm 

45 and a driven gear 8 as a worm wheel as well as a hypoid 
gear comprising a driving gear 7 as a hypoid pinion and 
a driven gear 8 as a hypoid wheel. 
[0061] As this invention may be embodied in several 
forms without departing from the spirit of essential char- 

50 acteristics thereof, the present embodiments are there- 
fore illustrative and not restrictive, since the scope of the 
invention is defined by the appended claims rather than 
by the description preceding them, and all changes that 
fall within metes and bounds of the claims, or equiva- 

55 lence of such metes and bounds thereof are therefore 
intended to be embraced by the claims. 
[0062] Where technical features mentioned in any 
claim are followed by reference signs, those reference 
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signs have been included for the sole purpose of in- 
creasing the intelligibility of the claims and accordingly, 
such reference signs do not have any limiting effect on 
the scope of each element identified by way of example 
by such reference signs. s 



Claims 

1. An electric steering apparatus for assisting steering io 
by rotation of a motor (6), comprising: a driving gear 

(7) provided on a supporting shaft (70) which oper- 
ates with rotation of said motor (6) for assisting 
steering; a driven gear (8) meshing with said driving 
gear (7); a steering shaft (3) to which said driven *5 
gear (8) is provided; and a first bearing (1 2) for sup- 
porting said supporting shaft (70); wherein said driv- 
ing gear (7) can deflect in the radial direction, char- 
acterized by further comprising 

deflecting means (1 6, 23) for deflecting said 20 
driving gear (7) in a radial direction. 

2. The electric steering apparatus as set forth in claim 

1 , wherein 

said driving gear (7) is able to swing with said 25 
first bearing (2) as a fulcrum. 

3. The electric steering apparatus as set forth in claim 

2, wherein 



said driving gear (7) is supported by a fourth 
bearing (20) interposed between said first bear- 
ing (12) and said universal joint (19) so that it 
is deflectable in a radial direction, and 
said deflecting means (23) is an elastic member 
for energizing said fourth bearing (20) in its de- 
flecting direction. 

7. The electric steering apparatus as set forth in any 
one of claims 1 , 2, 3 and 5, wherein 

said deflecting means (16) includes an elastic 
member having at least three protrusions (1 6a) for 
energizing the driving gear (7) in the deflecting di- 
rection from at least three positions along a circum- 
ferential direction. 

8. The electric steering apparatus as set forth in claim 
1 , wherein said driven gear (8) is formed by using 
a hypoid wheel, said electric steering apparatus fur- 
ther comprising: 

fifth and sixth bearings (1 4, 15) made of iron for 
limiting movement of said driven gear in an ax- 
ial direction; and 

an elastic member (23), interposed between 
said fifth bearing (14) and a housing (1 0) made 
of aluminum into which said fifth and sixth bear- 
ings (14, 15) are fitted, for energizing said fifth 
bearing (14) toward said driven gear (7). 
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said supporting shaft (70) is a rotating shaft of 
said motor (6), and one end portion of said sup- 
porting shaft (70) is supported so that it is able 
to swing with said first bearing (12) as a ful- 
crum, 

the other end portion of said supporting shaft 
(70) is supported by a second bearing (13) 
which is deflectable in a radial direction, and 
said driving gear (7) is integrally coupled to the 
one end portion of said rotating shaft (70). 



4. The electric steering apparatus as set forth in claim 
3, wherein said deflecting means (1 6) is interposed 
between said second bearing (13) and a housing 
(60) for holding said second bearing (13). 45 

5. The electric steering apparatus as set forth in claim 
2, wherein 



both end portions of a rotating shaft (62) of said 
motor (6) are supported by a pair of third bear- 
ings (17), and 

said driving gear (7) is coupled to one end por- 
tion of the rotating shaft (62) of said motor (6) 
through a universal joint (1 9). 



6. The electric steering apparatus as set forth in claim 
5, wherein 
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